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•	 Our	 study	 tested	 the	hypothesis	 that	 children’s	aggression	 in	 the	
context	of	computer	games	can	be	predicted	by	their	own	aggres-
sive	tendencies	years	earlier.
•	 We	 created	 a	 novel	 computer	 game	with	 embedded	 social	 chal-
lenges	that	could	elicit	aggression	or	alternative	behaviour.
•	 Children’s	angry	aggressiveness	 in	 infancy	predicted	 their	aggres-
sive	choices	in	the	game	at	age	7	years.
•	 Angry	aggressiveness	in	infancy	also	predicted	how	often	children	




dren’s	 aggression	 have	 been	 expressed	 for	 decades	 (e.g.,	 Silvern	
&	Williamson,	 1987).	 It	 is	 increasingly	 acknowledged	 that	 spending	
more	 time	 playing	 video	 games	 does	 not	 necessarily	 lead	 to	 vio-
lent	behaviour	 (Cunningham,	Engelstatter,	&	Ward,	2016;	DeCamp,	
2015),	and	so	the	focus	for	research	has	now	turned	to	possible	links	






high	 levels	 of	 game-	playing	 might	 foster	 aggressive	 tendencies	 via	
the	 interplay	of	arousal	within	 the	game	context	and	social	 learning	
processes,	for	example,	identification	with	violent	game	avatars	which	
might	lead	to	higher	rates	of	aggression	in	and	out	of	game	contexts	
(e.g.,	Anderson	&	Bushman,	 2002).	 For	 example,	 young	 people	 in	 a	
large	 national	 cohort	 sample	who	 played	 video	 games	with	 violent	
content	were	 at	 a	 somewhat	 increased	 risk	 for	 conduct	 disorder	 in	
adolescence	(Etchells,	Gage,	Rutherford,	&	Munafó,	2016);	however,	
playing	violent	video	games	was	not	associated	with	violent	behaviour	





Alternatively,	 advocates	 of	 selection	 effects	 propose	 that	 a	
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neurobiological	 processes,	might	 heighten	 an	 individual’s	 interest	 in	






just	 evidence	 for	 the	 influence	of	 exposure	 to	 computer	 games	but	
also	suitable	controls	for	potentially	confounding	factors.






be	 convincing,	 longitudinal	 analyses	must	begin	very	early	 in	devel-
opment;	 the	 pathway	 to	 problematic	 levels	 of	 aggression	originates	




Our	 longitudinal	 study	 of	 a	 representative	 British	 sample	 has	
demonstrated	 that	 individual	 differences	 in	 anger	 and	 the	 use	 of	
physical	 force	emerge	 in	 the	first	year	of	 life	and	predict	aggression	
in	 childhood	 (Hay,	Waters,	 et	al.,	 2014).	We	hypothesized	 that	 indi-
vidual	differences	originating	 in	 infancy	might	also	predict	children’s	
later	 aggressiveness	 in	 virtual	 environments,	 even	when	 controlling	












for	 selection	 effects.	 We	 controlled	 for	 key	 risk	 factors	 that	 were	
earlier	 found	 to	 be	 associated	with	 aggression	 in	 infancy,	 in	 partic-






Recruitment	 into	 the	Cardiff	Child	Development	Study	 (CCDS)	was	
approved	 by	 the	 Cardiff	 University	 School	 of	 Psychology	 Research	
Ethics	 Committee	 and	 the	 NHS	 Multi-	Centre	 Research	 Ethics	
Committee.	 Based	 on	 initial	 power	 calculations,	 332	 primiparous	
women	were	recruited	from	antenatal	services	in	two	National	Health	
Service	(NHS)	Health	Care	Trusts	in	Wales,	UK	(see	Hay	et	al.,	2014).	
The	 recruitment	 strategy	 yielded	 a	 nationally	 representative	 sam-











The	Castell Arth Mawr Adventure Game	(CAMGAME)	is	a	first-	person	
perspective	 game	 inspired	 by	 the	 classic	 Robbers	 Cave	 experiment	
(Sherif,	 Harvey,	White,	 Hood,	 &	 Sherif,	 1949)	 which	 induced	 con-
flict	between	two	groups	of	children	attending	a	summer	camp.	The	
game	 script,	 which	was	 approved	 by	 the	 Cardiff	 University	 School	
of	 Psychology	 Research	 Ethics	 Committee,	 was	 instantiated	 in	 a	
modified	 version	 of	 the	 game	The Elder Scrolls V: Skyrim	 (Bethesda,	




























Note.	 Basic	 educational	 qualifications	 are	 defined	 as	 5	 or	more	
pass	 marks	 on	 the	 national	 GCSE	 examinations	 in	 the	 UK	 or	 their	
equivalents.	The	socioeconomic	adversity	score	for	the	subsample	did	
not	differ	significantly	from	the	overall	sample	recruited	in	pregnancy.
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by	 the	 unfamiliar	 peers)	 and	 empathy	 (distress	 or	 injury	 shown	 by	
another	person)	were	embedded	into	the	script.























er’s	 current	 occupation	 being	 classified	 as	 lower	 status	 according	
to	 the	 Standard	Occupational	 Classification	 2000	 (SOC2000;	 Elias,	






section	 of	 the	 Wave	 1	 questionnaire.	 The	 questionnaire	 battery	
at	Wave	1	also	 included	a	 section	 labelled	 ‘What	 I	Am	Like’,	which	
included	items	from	the	screening	questionnaire	for	the	International	
Personality	Disorder	Examination	 (IPDE;	 Loranger	 et	al.,	 1994).	 The	
screening	questionnaire	associated	with	the	IPDE	interview	has	been	
used	in	the	UK	and	in	community	samples,	including	a	large	national	
sample	 in	 Australia	 (Lewin,	 Slade,	 Andrews,	 Carr,	 &	 Hornebrook,	
2005).	 For	 the	 present	 analyses,	 a	 subset	 of	 IPDE	 screening	 items	




of	 the	Wave	1	questionnaire	 entitled	 ‘What	 I	Was	Like	 as	 a	Child’.	
A	composite	variable	created	by	 summing	 the	 two	 individual	 scales	
showed	an	acceptable	level	of	internal	consistency,	α	=	.79,	and	was	
further	validated	by	mothers’	reports	of	their	history	of	arrest,	point	







was	 significant	 agreement	 between	 two	 psychiatrists’	 diagnoses	 of	
prenatal	disorder,	κ	=	.78,	p	<	.001,	and	past	disorder,	κ	=	.76,	p < .001. 
Dichotomous	variables	were	created	to	measure	presence	of	DSM-	IV	
mood	 disorder	 (Major	 Depressive	 Disorder	 or	 Bipolar	 Disorder)	 in	
pregnancy.	Individual	cases	were	reviewed	to	exclude	individuals	pre-
senting	in	pregnancy	with	manic	symptoms	only.




Infant	 Contentiousness	 Scale	 (CICS),	 which	 was	 designed	 to	 assess	
infants’	explicit	expressions	of	anger	and	use	of	force	against	their	com-
panions	(Hay	et	al.,	2010).	The	four	items	that	comprise	the	CICS	scale	









CICS	 factor	 scores	were	derived	 through	 a	measurement	model	
using	Mplus	7	whereby	a	latent	dimensional	construct	was	estimated	
using	the	maternal,	paternal	and	third	informant’s	assessments	as	indi-
cators.	These	 factor	 scores,	 analogous	 to	 standardized	 scores,	were	
constrained	 to	 have	 a	mean	 of	 0	 and	 SD	 =	 1.	Mplus	 7	 (Muthén	 &	
Muthén,	2012)	was	used	to	implement	this	measurement	model	and	
calculate	a	factor	score.
2.4.5 | Time spent playing computer games
At	age	7,	as	part	of	a	clinical	interview,	the	Preschool	Age	Psychiatric	
Assessment	 (PAPA;	Egger	et	al.,	2006),	 the	parent	was	asked	about	
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A	 further	 check	 on	 the	 validity	 of	 the	 child’s	 use	 of	 the	mallet	
as	 a	measure	 of	 aggression	 against	 game	 characters	was	made	 by	
examining	mallet	 use	 in	 two	vignettes	 that	were	 directed	 to	 inani-





2.4.7 | Teachers’ ratings of children’s aggressive 
behaviour problems
Children’s	 current	 levels	 of	 aggression	 at	 age	 7	 were	 assessed	 by	
classroom	 teachers,	 using	 the	 19-	item	 aggressive	 syndrome	 scale	
of	 Teacher	 Report	 Form	 (TRF:	 Achenbach	 &	 Edelbrock,	 1986).	
Coefficient	alpha	for	the	TRF	aggression	scale	was	.95	in	this	sample.
3  | RESULTS




Event Vignette Aggressive choices Prosocial choices 
First	Push	Scene In	the	distance,	in	front	of	the	door	leading	to	the	next	scene,	
there	is	a	child	from	another	school.	As	X	walks	up	the	path,	
X’s	friends	from	the	red	school	say,	‘Who’s that?’	and	‘He’s from 
that blue school!’






Storyteller,	who	says,	‘Hello children I am the Storyteller! This 
was the castle of the Bear King, before he left the buried treasure 





says	she	is	cold	and	asks,	‘Before you go, could you help me? 












‘Yeah we pushed you and your friends, so what? We’re gonna get 
the treasure before you.’







‘Those mean bullies pushed us down here.’
The	blue	school	children	are	at	the	end	of	the	path	whilst	the	
red	school	friends	are	at	the	bottom	of	a	staircase.	As	X	moves	
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3.1 | Aggressive choices in the game context
The	 percentage	 of	 children	 who	 hit	 human	 characters	 ranged	




The	 mean	 proportion	 of	 aggressive	 choices	 across	 the	 chal-
lenges	was	 .19	 (SD	 .23),	 ranging	 from	 0	 to	 .8.	The	 proportion	 of	
aggressive	 choices	 in	 the	 game	was	 significantly	 associated	with	








3.2 | Early prediction of aggressive choices 
in the game
The	 first	 set	of	analyses	 tested	 for	 links	between	angry	aggressive-
ness	in	infancy	and	aggressive	choices	in	CAMGAME,	while	control-
ling	 for	 the	 key	 risk	 factors	 of	 socioeconomic	 adversity,	 maternal	
aggressiveness,	prenatal	depression,	and	male	sex,	which	at	the	uni-
variate	level	had	been	found	to	be	correlated	with	the	infants’	angry	
aggressiveness	 (Hay	 et	al.,	 2014).	 These	 risk	 factors	 were	 entered	
at	the	first	step	of	a	logistic	regression	model,	with	the	child’s	angry	
aggressiveness	 in	 infancy	 added	 at	 the	 second	 step.	 The	 analysis	
revealed	 that,	 even	when	 the	 risk	 factors	were	 taken	 into	 account,	
angry	 aggressiveness	 in	 infancy	 predicted	 the	 children’s	 aggressive	
choices	in	the	computer	game	at	age	7	(Table	4).
3.3 | Did frequency of game- playing account for 
children’s aggressive choices in the game?
At	 age	 7,	 the	 vast	 majority	 of	 children	 (88.1%)	 were	 reported	 to	
enjoy	playing	computer	games;	41%	of	girls	and	55%	of	boys	played	
games	daily	and	were	therefore	classed	as	frequent	users	of	computer	
games.	Angry	aggressiveness	 in	 infancy	was	 significantly	associated	










1 2 3 4 5 6 7
1.	Socioeconomic	adversity	factor .51*** .46*** .02 .31*** .26** .06
2.	Maternal	antisocial	behaviour .47*** .44*** .02 .23** .30** .11
3.	Prenatal	depression .44*** .33*** .06 .24** .22* .21*
4.	Daily	use	of	computer	games .10 .23** .12 .32*** −.14 .02
5.	Infant	CICS	score .34*** .31*** .33*** .16+ −.06 −.01
6.	Teachers’	aggression	ratings .28** ,11 .16+ .11 .01 .13
7.	Aggressive	choices	in	game .08 .10 .23** .08 .22** .11
Mean .00 4.43 .16 .49 .00 2.88 .20




aggressive	choices	in	the	Castell Arth Mawr 
Adventure Game	at	age	7	from	early	risk	
factors	and	angry	aggressiveness	in	infancy
Predictor B SE Wald df p EXP(B)
95% CI
Lower Upper
Adversity −.32 .21 	2.33 1 .13 	.73 .48	 1.09
Mother	antisocial 	.03 .04 	.55 1 .46 1.03 .95 1.12
Prenatal	depression 	.97 .47 	4.26	 1 .04 2.64 1.05 6.62
Male	gender 2.03 .37 30.41 1 .0001 7.62 3.70 15.69
Early	CICS	score 	.45 .19 	5.42 1 .02 1.56 1.07 2.28
Note.	Coefficients	in	the	table	are	those	obtained	at	the	final	step	of	the	logistic	regression	model.	The	
dependent	variable	is	2+	vs.	0/1	aggressive	choices	in	the	game.	Nagelkerke	R2 = .26.











Ferguson,	 2014).	 Our	 longitudinal	 design	 and	 assessment	 of	 infants’	
signs	 of	 anger	 and	 use	 of	 force	 prior	 to	 developing	 the	 motor	 skills	
needed	for	the	playing	of	computer	games	provided	a	unique	opportu-
nity	to	conduct	a	strong	test	for	selection	versus	exposure	effects.





In	 this	 study,	 the	 children	 played	 a	 bespoke	 game	 that	 was	 not	
designed	 to	be	violent	and	 therefore	extremely	aggressive	behaviour	
was	not	modelled	by	characters	in	the	game.	Rather,	the	children	were	









sizes	 are	 relatively	 small.	 Situational	 factors,	 motoric	 competence,	
and	expertise	in	the	playing	of	computer	games	are	likely	to	influence	
the	children’s	playing	of	the	game.	However,	the	findings	are	in	 line	
with	other	evidence	 for	 selection	effects	 in	 the	 literature	on	game-	
playing	(e.g.,	Breuer	et	al.,	2015)	and	extend	other	research	that	draws	
attention	to	the	early	origins	of	an	aggressive	approach	to	the	social	
world	 (e.g.,	Alink	 et	al.,	 2006;	Baillargeon	et	al.,	 2007;	Breuer	 et	al.,	
2015;	 Côté	 et	al.,	 2006;	 NICHD	 Early	 Child	 Care	 Network,	 2004).	
Early	aggressive	tendencies	predict	behaviour	in	virtual	as	well	as	real	
environments.
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